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Introduction
The solar energy is an ideal energy can gain from the sun, as a type of renewable energy, solar energy has its advantage: widespread, low contamination and flexibility. High concentrated photovoltaics is new solar technology which can produce electricity cost-effectively. By using a reflection system to concentrate solar radiation can decrease cost and increase the efficiency. HCPV uses cooling system to cool down the high level heat received from solar concentration. However, cooling system can't use the potential energy from the heat, thus the heat is 'waste'. In order to reuse the energy and demonstrate the concept of renewable energy, the paper will design the hybridization the HCPV and biogas production and desalination plant to reuse waste heat from HCPV and maintain the HCPV in high efficiency. Compared to normal separated plant, the hybridization can provide electricity, biogas and fresh water economically. A model will be built to demonstrate the performance of hybridization. The paper will illustrate the efficient importance of hybridization, the hybridization can achieve a better combination to society and industry. The paper also demonstrate a direction of clean energy hybridization in future research.
HCPV
The high concentrated solar panel has its advantages: greater efficiency, high energy density and lower module surface area [1] . The present HCPV efficiency can reach 39% when using multi-junction cells [2] . However, the efficiency of the photovoltaic cell is affected by temperature, in HCPV system, solar concentration ratio dominantly controls the temperature [2] , which is shown in Figure 1 . The trend of cell efficiency and temperature can be seen in Figure 2 . When the PV cell temperature increasing, it decreases the conversion efficiency of the PV system [3] Figure 2. Photovoltaic cell efficiency trend in different temperature.
HCPV plant uses a large quantity of water for cooling the system to keep HCPV running in a moderate efficiency. However, the cooling system maintains the HCPV in operational condition. And the water from the cooling system can still be used as a source of energy. At present, this water is wasted. The cooling system water can be utilized in a biogas plant as a source of energy to maintain the anaerobic tank at a 35 Celsius degree temperature. The objective is to create a co-location environment that includes the hybridization of HCPV, biogas and desalination plants. The hybridization can reuse waste heat from HCPV and still maintain the efficiency of HCPV at a desirable level. The hot water from desalination can still be used as a heat source in biogas production. A model will be built to demonstrate the performance of hybridization and co-location environment. The co-location environment saves energy by utilizing the hot water produced from HCPV and desalination plant for producing biogas. Furthermore, the co-location environment keeps the cost of land, material, maintenance and transportation.
HCPV types
HCPV's concentrator geometries conclude three types: single cells, linear geometry, and densely packed module. In the single cell, solar radiation focus onto each cell, single cell concentrator uses passive cooling to maintain temperature and efficiency [1, 4] . Linear geometry and densely packed module are usually used in large scale plants or to achieve a higher electricity outlet. The cell temperature of an HCPV module impacts its electrical output [5, 6] . Thus, HCPV needs a cooling system to maintain the temperature of the solar module. The cooling system can keep the temperature between 50°C and 80°C [7, 8] , many different kinds of cooling system have been shown in literature in the past [9] [10] [11] . Passive and active cooling systems are two types of general cooling method for HCPV cooling.
The passive cooling system uses a metal heat sink to cool down the panel. Many types of research show the ability to use passive heat sink to keep panel efficiently (especially in 500suns) [12] [13] [14] [15] [16] [17] [18] [19] , the passive cooling fin structure can be shown in Figure 3 [19] . The nomenclature used (Figure 3 ) in the present work is: spacing (s), pitch (p), height (H), thickness (t), length (L), base width (W), and base thickness (tb) [19] . However, compared to active cooling systems, passive cooling system have lower heat dissipation rates, and environment conditions such as air temperature and wind speed will affect the heat dissipation rates [20] . Active cooling system concludes micro-channels, spray cooling and jet impingement, Abdolzadeh showed spray cooling could reduce cell temperature from 58°C to 37°C [21] , however, spray cooling require water usage and the heat from the cell is wasted. The active cooling system is more efficient and more technically feasible if the waste heat from cooling system can be reused in other application [22] . Royne claimed passive cooling system can be used to single cell geometries in 1000 suns. However, more study shows that passive cooling is not efficient enough to cool down the cell especially in high environment temperature [23] [24] [25] [26] . Aldossary concluded that active cooling can maintain PV operation efficiency under operating temperature limit and avoid solar cell lifetime degradation [26] . Sun found that the cell temperature can be controlled in 20°C to 31°C when using dimethyl silicon oil [27] . In the active cooling method, Water active cooling can be considered as a cost effective method when the heat from coolant can be reused. Haitham indicated the cell temperature can maintain between 36.6°C and 31.1°C when using active cooling [28] . Zhu found that module temperature can be cooled to 45°C when using water immersion cooling [29] . And Du also showed the water cooling can reduce the cell temperature under 60°C [30] . Aldossary shows the outlet temperature of water cooling can be reached 90°C when it is accessed to a large scales HCPV plant. The heat can be used for heat pump or other thermal application [26] . The active cooling varies from many different types, the paper will discuss them in the following section.
Water cooling
Lasich designed an active cooling system for densely array CPV with 200 suns, which is operating by water [31] . The system can keep a cell's temperature at 40°C with 500 kW/m2 dissipating heat flux capability from cells. Kolhe found that the increasing of water flow rate will increase the electrical efficiency and thermal efficiency rapidly [32] , the water cooling increases the CPV electrical output 4.7 to 5.2 times higher than original PV without concentration and cooling. Chong built an automotive radiator cooling system with CPV operating in 377 suns. They observed the efficiency increased from 22.38% to 26.85% in six hours. And the temperature of CPV cell decreased from 59.4°C to 37.1°C [33] .
Jet impingement cooling
Jet impingement cooling is an active cooling method which is usually used in industry. It injects a small amount of water into air jets and strikes the grinding wheel at certain speed [34] . Roney designed a jet impingement cooling for densely packed PV cells. In their system, water flows through plenum chamber to the heated surface, which decrease the temperature of PV cells from 60°C to 30°C (200 suns) and 110°C to 40°C (500suns) [35] .
Liquid immersion cooling
Russel patented a liquid immersion cooling system. In the system, the photovoltaic cells are placed in a long pipe which is immersed in liquid coolant [36] . Abrahamyan showed dielectric liquid can be used as coolant, in their research, they uses glycerin, butanol, acetone, dioxane, toluol, isopropyl alcohol and deionized water as experimental coolant, their experiment results showed dielectric liquid with 1 to 4 mm thickness can increase cell's efficiency from 40% to 60%. Zhu also designed a liquid immersion cooling system for densely packed PV cells. They found the module was cooled to 35-45°C under 2.0-2.7 m/s water flow rate and 16°C inlet temperature of silicon oil [37] .
Desalination
The desalination is a method to remove mineral salts from saline water and purify the saline water for domestic consumption, industrial usage, and irrigation. Desalination is an important fresh water income particularly in dry countries such as Saudi Arabia, and Australia. Desalination has following conventional methods:
Multi-stage flash distillation
Multi-stage flash distillation (MSF) is a desalination technology which distils salt water by flashing salt water into steam in multiple stages. Multi-stage flash distillation plants produce about 60% of all desalinated water in the world [38] , the process can be shown in Figure 4 [39]. 
Multiple-effect distillation
Multiple-effect distillation (MED) consists of multiple stages in different condition. Salt water is heated by steam in tubes, some of the salt water is evaporated and collected as fresh water. The heated steam goes into next stage with different condition (temperature and pressure) and evaporates more water. The process of multiple-effect distillation is shown in Figure 5 [40]. 
Vapor-compression desalination
Vapor compression desalination is a distillation process which salt water is heated and evaporate by compress vapor. Since the pressure and temperature of the vapor increases, it is possible to use the latent heat rejected during condensation to generate additional vapor. However, desalinated water is more costly than fresh water from natural resource because of its energy consumption. Pre-heat and heat consumption is the most energy usage in distillation technology desalination. A stable and cheap heat resource input can decrease the cost of distillation desalination relevantly.
Anaerobic digestion
Anaerobic digestion uses microorganisms break down biodegradable material in the absence of oxygen [41] . The digestion process can produce bio-fuel for domestic purpose or manage waste for industrial purpose. Digestion process can be described as organic material digest and decompose into methane (CH4) and carbon dioxide (CO2). C6H12O6 → 3CO2 + 3CH4 Due to the difference in temperature, there are two types of anaerobic digestion: mesophilic digestion and thermophilic digestion. Mesophilic digestion happens around 30 to 38°C or under 20 to 45°C's ambient temperature. Mesophiles are the primary microorganism in digestion. Thermophilic digestion occurs around 49 to 57°C or under 70°C's ambient temperature. Thermophiles are the primary microorganism in digestion. Compare to thermophiles, mesophiles has more species and more tolerant to changes of environment. Mesophiles can be considered as a more stable method. However, thermophiles have a faster reaction rate and more rapid gas production because of higher operation temperature. The production of anaerobic digestion can be divided into two types: biogas, digestate. Biogas is the production of organic waste being decomposed by bacteria, it consists mostly methane and carbon dioxide, and with a small amount of hydrogen, hydrogen sulfide and vapor. Biogas can be graded and purified. The methane can be burned to produce heat and electricity, compare to coal, it has a less environment pollution. Therefore, methane is considered as an ideal resource for fuel-based electricity power plant. Digestate is a remnant of organic waste after anaerobic digestion, as digestate is produced by acidogenesis and methanogenesis, acidogenesis digestate is fibrous and consists of lignin and cellulose, it can be considered as a soil conditioner [42] . Methanogenesis digestate is a sludge or liquid form. It contains high component such as ammoniums and phosphates, it can be used as fertilizer for plant growth.
Hybridization
Many types of research have shown the availability of solar panel and desalination plant. Srithar designed a triple basin solar desalination system with PV, which can distil basin water 16.94kg/m2/day [43] . Omara presented hybrid of solar dish concentrator with a boiler can distillate 6.7l/m2/day for brackish water [44] . Riffat evaluated v-trough collector solar concentrator's performance when with desalination plants, it shows the thermal efficiency up to 38% at 100°C operating temperature [45] . Meanwhile, Zhang and Li designed a hybrid system of concentrated solar power (CSP) and biogas power plant. It simulates the performance of CSP and biogas plant in different temperature [46] . Due to the high temperature (more than80°C) of cooling system outlet from HCPV, it can provide a desirable heat resource for distillation desalination plant. And the outlet heat of desalination can be used for anaerobic tank operating in mesophilic digestion (37°C).
System design
The paper will use TRNSYS to simulate the hybridization of HCPV, desalination plant and anaerobic tank. The Schematic diagram is shown in Figure 6 . And all the nomenclature used in the paper is shown in Table 1 . The electricity power generated by HCPV is calculated by following equation:
Where EHCPV is the electricity power production, A is the area of HCPV module, n is concentration number of HCPV, Gt is solar radiation, ηcell is the efficiency of HCPV cell, and ηpower is the efficiency of power plant cycle. The temperature of HCPV cell is calculated by following equation:
Where TNOCT is the cell temperature at nominal operating cell temperature (NOCT) conditions, Ta, NOCT is the ambient temperature at NOCT conditions, Gt, NOCT is solar radiation at NOCT conditions (800W/m 2 ). Ta is ambient temperature. (τα) is a coefficient which is determined by the type of HCPV. After cooling HCPV the temperature of cooling system water can be calculated by following equation:
Where cp is specific heat of water, q1 is the rate pump of cooling system, which can be changed in parameter, d is the thickness of HPCV module, k is the thermal conductivity of HCPV module, and A is the area of HCPV module. The heat exchaner between desalination and HCPV can be calculated as:
Assuming the heat of water after heat exchange is to maintain anaerobic tank, Tb1 is determined by MSF desalination, when the pump of desalination is designed, Tc2 can be calculated. The system choose multi-stage flash system for desalination simulation. The distillation production is calculated in following equation:
Where Md is Mass rate of distillate, Mf is mass rate of feed, Lv is average latent heat of vaporization and N is total number of stages or effects. The flashing temperature range ΔF is given by:
Tb1 is temperature of saline water in first effect and TbN is temperature of saline water in the last effect. After heat exchange for desalination, the water will flow through next heat exchanger which will transfer the rest heat for anaerobic digestion plant in a lower temperature (35°C). The heat loss of digestion tank can be calculated as: The heat which anaerobic tank received from heat exchanger is:
Where Qloss is heat loss from digestion tank, U is the overall heat transfer coefficient, At is the area of digestion tank, Ta, t and Tt is the temperature of digestion tank and ambient temperature of digestion tank. The overall heat transfer coefficient can be calculated:
ha is heat transfer coefficient of ambient air, it can consider as 10 W/m 2 K. di is thickness of thermal insulation material and ki is the corresponding thermal conductivity. With a designed anaerobic tank, the volume of methane per day is calculated as:
Where LHVCH4 is lower heating value of methane, which is 35.9 MJ/m 3 [47] . The paper uses 4 cm rock wool as thermal insulation material, the overall heat transfer coefficient U is 1 W/ (m 2 K). The parameter of hybridization is shown in Table 2 . Some system can have a higher efficiency with a thermal tank attached [48] . The ambient temperature and solar radiation are determined by weather data, the system uses tmy2 weather data, the location is in Key West and time length is 1year (8760hr). The design of TRNSYS is shown in Figure 7 . In the Simulation, the production of electricity, methane and distillation is shown below. 
Conclusion
From the simulation, the production of hybridization is related to weather (solar radiation and ambient temperature). The hybridization can achieve its optimal output in summer days. The paper chooses one day in summer (July 16 th ) for specify. In the specified time, the electricity production of HCPV is related to solar radiation, when the solar radiation decreases, it results a decreasing in electricity output. Meanwhile, the cooling system has a less heat input, which results a deficiency in desalination plant and anaerobic tank. In the future research, the methane can be used for the biogas-based power plant. It can increase the production of electricity and remedy the imbalance of electricity output. In future research, the project will focus on optimizing the performance of hybridization and the subsequent consumption of biogas.
